Background
Cervical facet dislocation is the anterior displacement of one cervical vertebral body on another; two facet joints are located posterior to each cervical vertebral level. The lower cervical vertebral injury is the most common type injury to the cervical spine, with lower cervical facet dislocation accounting for between 6-15% of lower cervical vertebral injuries [1] . This type of injury mainly involves excessive flexion-distraction (seatbelt injury) or flexion-rotation, causing one or both of the inferior facets of the superior vertebra to shift anteriorly to the superior facet of the vertebra below.
Severe lower cervical facet dislocations are usually accompanied by a disruption to the anterior or posterior elements, such as the longitudinal ligaments, ligamentum flavum, apophyseal joint ligaments, the annulus fibrosus, and the interspinous ligaments [2] . Complete or incomplete spinal cord and nerve root injuries are also common. To optimize the chance of neurological recovery, the current consensus for patient management is that patients should be treated with decompression, reduction, and stabilization. However, current treatment for severe lower cervical facet dislocations has not been standardized, and there remain several unanswered questions with regard to treatment, including whether all patients should be treated with closed reduction, whether a combined anterior and posterior approach is more effective than an anterior-only approach, or whether early reduction is beneficial to the recovery of neurological function.
Because of these remaining unresolved questions, the aim of this study was to evaluate the clinical efficacy of skull traction through an anterior cervical approach in the treatment of severe lower cervical facet dislocation without vertebral body fracture, to begin to provide evidence to support future treatment recommendations.
Material and Methods

Compliance with ethical standards
This study was approved by the Institutional Review Board of the Third Hospital of Hebei Medical University, China. Informed consent was obtained from all patients who participated in the study. All experimental protocols in this research were approved by The Third Hospital of Hebei Medical University Ethics Committee. The methods and surgical procedures were carried out in accordance with the relevant surgical procedural guidelines.
Patients
A cohort of 40 patients was enrolled in the study (24 men, 16 women) from February 2010 to December 2013. All patients were diagnosed with severe lower cervical facet dislocation without vertebral body fracture. Previously, four patients were excluded from the study who underwent posterior fixation only, two patients had another type of injury, and two patients were lost to follow-up. The patient ages ranged from 21-73 years, with a mean age of 41.3 years. The etiology of trauma included road traffic accidents (24 patients), falls from a height (12 patients), and other causes (four patients). From injury to surgery, the average length of time was 79.2 hours (range, 2-7 days). Eight patients presented with intact neurological function, eight patients had complete spinal cord injury, four patients presented with nerve root syndromes, and 20 patients with incomplete spinal cord injury.
The classification and grading system of the American Spinal Injury Association (ASIA) impairment scale was used, with complete injury (grade A) to normal (grade E). In this study, eight cases were grade A, six cases were grade B, six cases were grade C, 12 cases were grade D, and eight cases were grade E. All patients were imaged using cervical X-rays, computed tomography (CT) scanning with coronal and sagittal reconstruction, and magnetic resonance imaging (MRI) of the cervical spine. Plain radiography and CT showed facet dislocations at C3-C4 (four patients), C4-C5 (four patients), C5-C6 (12 patients), and C6-C7 (20 patients). Twenty-six cases presented with unilateral facet dislocation and 14 cases with bilateral facet dislocation (Table 1) .
Surgical technique
Before surgery, patients were in the supine position with a neck collar. Following general anesthesia, the neck collar was removed, and patients were moved into a position of mild cervical flexion. Skull traction was performed using 5 kg weights, with the weight increased at a rate of 1 kg every ten minutes. Measurement of spinal cord evoked potentials (SCEPs) after spinal cord stimulation was used to monitor the neurological function of each patient during surgical reduction. Intraoperative X-ray fluoroscopy was used to observe the reduction process. The unilateral facet dislocation was unlocked by slight stretching of the head of the patient, allowing the inferior articular process of the dislocated vertebra to cross the superior process of the lower vertebra. Slight rotation of the neck toward the dislocated side allowed the bilateral facet dislocation to be reset. The traction weight was then gradually reduced to 5 kg after reduction. Traction was stopped in cases where the traction weight exceeded 15 kg, the dislocation was unable to be reset, or neurological deterioration was observed through SCEP monitoring. Decompression and fixation through an anterior approach were performed after closed traction.
Plates with screw fixation were used and inter-body cages were used for fusion. For patients who failed closed reduction, a Caspar cervical distractor was used to distract the intervertebral space after discectomy, followed by the use of a thin distractor for insertion to achieve reduction. In patients with unilateral facet dislocation, the Caspar distractor was then used to expand the intervertebral space to twice that of its normal height. A suitable blunted instrument (such as a curette or a laminar spreader) was then placed on the locking side of the posterior third of the endplate of the lower vertebrae to act as a lever after discectomy. The bilateral facet dislocation could be reset by pushing on the blunted instrument in a caudal direction, while simultaneously exerting pressure on the anterolisthetic (spondylolisthetic) upper vertebra in a dorsal direction. A neck collar was used for 1.5-2 months postoperatively. All patients were graded before and after surgery according to the Japanese Orthopaedic Association (JOA) score and the Cervical Curvature Index (CCI) (Figure 1 ) to evaluate the stability of the cervical spine.
Statistical analysis
SPSS version 22.0 statistical software (IBM, Armonk, NY, USA) was used for statistical analysis. Data were recorded as the mean ± standard deviation (SD), and was compared by using a t-test. The Wilcoxon rank test was applied to analyze ASIA grades that were recorded preoperatively and at the last follow-up visit. A P-value <0.05 was considered to be statistically significant. 
Results
The aim of this study was to evaluate the clinical efficacy of skull traction through an anterior cervical approach in the treatment of severe lower cervical facet dislocation without vertebral body fracture in 40 patients. The findings were that no severe complications were noted for any of the patients who were treated in this study. The skull traction weight ranged from 7-15 kg, with a mean of 11.35 kg. Thirty-eight patients underwent complete cervical facet reduction; two patients did not achieve a complete reduction.
In this study, reduction was achieved after between 20-100 minutes of traction (mean, 63.5 minutes). The mean duration of the surgical procedure was 95.83±13.57 minutes, and the mean amount of blood loss was 139.00±34.01 ml. All patients were followed-up for between 3-6 years (mean, 4.2 years). Bone fusion was completed within 4-6 months after surgery. None of the patients showed plate fracture, screw loosening, cage prolapse, or pseudarthrosis at follow-up. X-ray examination showed satisfactory recovery of the cervical intervertebral height space and vertebral sequence restoration of the normal cervical spine sequence and intervertebral height.
The results of this clinical surgical study showed that neurological function was also significantly improved at the final follow-up when compared with preoperative values, by analysis of the American Spinal Injury Association (ASIA) grades that were recorded preoperatively and postoperatively (Tables 2, 3 ). The degree of functional paralysis for patients with complete spinal cord injury did not increase after surgery. Neurological function in patients with incomplete spinal cord injury was restored to varying degrees, but symptoms of nerve root irritation disappeared. The postoperative Japanese Orthopaedic Association (JOA) scores showed significant improvement when compared with preoperative scores (Table 3) . Statistical analysis for improvement for patients showed that the surgical effect was independent of age, gender, type of spinal cord injury, and type of facet dislocation (Table 4 ). Figure 2 shows the imaging data of a typical case from this study.
Discussion
Lower cervical facet dislocation is the anterior displacement of one cervical vertebral body on another, and cervical facet injuries can have a significant impact on neurological function and can be life-threatening [3] . Facet dislocation injuries can lead to cervical spine abnormalities and instability and are always accompanied by vertebral disc injury or herniation. Cervical facet dislocation most commonly involves the C5-C6 and C6-C7 levels, and often includes excessive flexion-distraction or flexion-rotation, causing one or both of the inferior facets of the superior vertebra to be displaced anteriorly toward the superior facet of the vertebra below [4] . Previously published studies have indicated that the potential for translation and dislocation arises because of a smaller diameter and lower height of the superior articular process combined with a more horizontally oriented inferior articular process [5] . Severe lower cervical facet dislocation is always accompanied by complex vertebral ligament injury and herniation or rupture of the intervertebral disc. The goal of treatment is to restore the normal architecture of the cervical spine, recover the anatomical and functional integrity of the spinal cord and nerve root, completely decompress and restore the intervertebral height and physiological curvature, and avoid delayed or secondary neurological injury for the immediate and longterm stability of the cervical spine [6] [7] [8] [9] .
The closed reduction of the cervical facets has been previously described and is now a recognized procedure [10] . However, the safety of closed reduction has been the focus of debate for some time, as some surgeons have suggested that closed reduction can cause secondary neurological injury if the ruptured disc is displaced into the spinal canal [11] [12] [13] . However, in 2007, Yu and colleagues reported a success rate of 88% for patients treated with unilateral facet dislocation and 15.4% for bilateral facet dislocation with skull traction [14] . In 2009, Lee and colleagues reported that transient injury to the cervical spinal cord occurred in between 2-4% of people, while the incidence of permanent neurological injury was 1% [15] .
In terms of skull traction, although all of the cervical intervertebral joints are under tension, deformation occurs mainly to the dislocated facet. The total drafting distance of the cervical spine should be the sum of the joint height above the dislocation plane and the slight extension deformation between the vertebrae. While the extensibility of the spinal cord is between 10-12%, and it can be displaced axially to lateral for several millimeters, the total drafting distance of the cervical spine should always be within the physiological deformation range of the spine, to avoid excessive tension to the cervical spinal cord and secondary neurological injury [16] [17] [18] . The findings of this study showed that, when all patients who were subjected to skull traction were supervised with spinal cord evoked potential (SCEP) monitoring, which ensured the safety of the closed traction procedure. Therefore, despite the risks associated with closed traction, the method described in this study was shown to be safe as long as the described surgical procedures are followed
The open reduction can be achieved through an anterior approach alone, a posterior approach alone, or a combined anterior and posterior approach as the surgical approach is not standardized [19] . The increased use of an anterior approach has meant that this indication is no longer limited to injuries of anterior structures, with posterior injuries, such as facet dislocations, which are also treatable. Anterior surgery can restore the stability of the cervical spine, relieve compression, and retain or restore neurological function, where possible. In support of the findings of the present study, the clinical efficacy of the anterior surgical approach has been confirmed by previous studies [20] [21] [22] . Compared with other surgical methods, surgery through an anterior approach is simple, requires fewer changes in position, can decompress the region directly and completely to restore physiological curvature of the spine, and is associated with fewer fusion segments and a lower incidence of postoperative neck pain, all of which improve the recovery of the patient [9, [22] [23] [24] . The adequate and appropriate reduction is the key to surgery for cervical facet dislocation, and anterior open reduction can be performed using several stages. In patients with unilateral facet dislocation, the distraction nail should be placed on the inner edge of the longus colli of the dislocated side. After discectomy, the Caspar distractor is recommended for use to expand the intervertebral space to twice that of its normal height. A suitable blunted instrument (such as a curette or a laminar spreader) should then be placed on the locking side of the posterior third of the endplate of the lower vertebrae to act as a lever. The present study has shown that bilateral facet dislocation can be reset by pushing on the blunted instrument in a caudal direction while simultaneously exerting pressure on the anterolisthetic upper vertebra in a dorsal direction, an approach that has been previously reported [25] .
In the present study, through the combination of preoperative skull traction and anterior open reduction, successful reduction was achieved in all patients.
The timing of the surgery is another controversial aspect of the surgical treatment of cervical facet dislocation. In 1999, Mirza and colleagues advocated that surgical intervention should occur in the early phase in patients following acute cervical spinal cord injury, and showed that decompression and stabilization within 72 hours following injury, not only promoted the recovery of early neurological function, but also reduced further complications attributed to the delay in such neurological recovery [26] . In contrast, in 1997, Vaccaro and colleagues showed that a delay in surgery allowed for better preoperative preparation, and that decompression was safer after the edema subsided [27] . However, most studies now accept, that surgery should be performed within 72 hours after injury, or earlier, if the patient's condition allows, for the best chance of recovering neurological function. From the findings of the present study, we recommend that surgery for cervical facet dislocation should be performed within 72 hours of injury if the patient's condition permits this, which is improves the likelihood of recovery of neurological function.
In this study, the Cervical Curvature Index (CCI) was measured, as previously described by Ishihara [28] (Figure 2) , to evaluate the stability of the cervical spine., and this study has shown that anterior surgery can restore the normal curvature and stability of the cervical spine. However, Brodke and colleagues found no significant difference in neurological recovery, stability, or rate of pseudarthrosis formation between patients treated via an anterior approach versus those treated though a posterior approach [20] . However, Du and colleagues have suggested that reconstruction of cervical lordosis and strengthening of cervical stability can reduce the incidence of axial symptoms [29] . Therefore, the use of the CCI is an important measure for evaluating the efficacy of surgery for Cervical facet dislocation.
This study had several limitations, including the small study sample size, and the performance of the study in a single center and was not controlled. Future larger, multicenter, controlled, randomized studies will be required to help standardize the best procedure for the surgical treatment of severe lower cervical facet dislocation.
Conclusions
Complete decompression, good reduction, and recovery of the intervertebral height and curvature of the spine can be achieved through skull traction and an anterior approach for patients with severe lower cervical facet dislocation. Immediate stabilization of the cervical spine can prevent secondary injury to the spinal cord and aid in the recovery of neurological function.
